Introduction
IL-TIF (IL-10-related T cell-derived inducible factor) is a new cytokine identified as a gene induced by IL-9 in murine T lymphocytes. 1 This cytokine is expressed in T cells, upon activation by IL-9 and ConA, in mast cell, thymus and brain, indicating that this factor might exhibit pleiotropic activities, within and outside the immune system. A role for this protein in inflammatory processes was suggested by the observation that IL-TIF induces STAT activation and upregulates acute phase reactant (APR) production by liver cells, in vitro and in vivo. 2 Human and mouse IL-TIF both consist of 179 amino acid long proteins, including four cysteins, and showing an overall sequence identity with IL-10 of 22% in the mouse 1 and 25% in the human. 2, 3 Despite this sequence homology, IL-TIF does not share the same receptor complex as IL-10. IL-TIF failed to activate STAT3 in mouse macrophages or to induce the proliferation of IL-10-responsive MC9 cells. However, one component of the IL-10 receptor complex, CRF2-4 also called IL-10R␤, seems to be involved in IL-TIF signaling because antibodies directed against this molecule block IL-TIF activi-ties such as STAT activation and APR production in hepatocytes. 2 The second component of the receptor for IL-TIF was identified as an orphan cytokine receptor, ZCYTOR11, from protein databases by Xie and colleagues, 3 who proposed to rename the ligand and its receptor as IL-22 and IL-22R.
The observation that IL-10R␤ is not only a component of the IL-10 receptor suggests that this molecule might be shared within a larger family of receptors for IL-10-related factors, such as mda-7 and AK155. mda-7 was identified as a gene induced during terminal differentiation of human melanoma cells in response to IFN␤ and mezerein. 4 AK155 is a new cytokine identified because of its upregulation during viral infection of T lymphocytes. 5 Interestingly, IL-10, IL-TIF, mda-7 and AK155 share 20 to 30% amino acid identity, and a weaker homology with interferon (IFN).
The aim of this study was to characterize the genomic sequences coding for murine and human IL-TIF. This gene was mapped to chromosome 10 in the mouse and to chromosome 12 in the human, in the vicinity of the IFN␥ gene, and was found to be duplicated in some mouse strains such as C57Bl/6, FVB and 129.
Results

Sequence, organization and mapping of the human IL-TIF gene
The human IL-TIF cDNA has been isolated based on its homology with mouse IL-TIF. 2 To characterize the human genomic sequences, we designed primers flanking the coding sequence and obtained a 4.8 Kb fragment by PCR amplification from genomic DNA from the CESS lymphoblastoid cell line. An additional 0.7 Kb fragment from the 5Ј flanking region was cloned by taking advantage of the LA-PCR method (Takara Shuzo Co, Shiga, Japan), which allows for amplification of genomic fragments with only one gene-specific primer. Upon database searches, we found a 3 Kb overlap between our sequence and a BAC clone (GenBank accession number AC007458, BAC RPCI11-444B24) that allowed to extend the sequence of the IL-TIF gene beyond the 3Ј untranslated region and polyadenylation signal.
The genomic structure presents 5 introns and 6 exons, including a short non-coding exon of 22 nucleotides starting 24 nucleotides downstream a putative TATA box.
Comparison with the IL-10 gene showed that these two genes share a similar size and organization, except for the short non-coding exon, which is not found in the IL-10 gene, nor in AK155, another gene coding for an IL-10-related cytokine. 5 To make comparison easier, this first exon was named exon 1a, whereas the coding exons were named exons 1b to 5. The size of the respective exons is fairly similar in both genes with exons 1 and 3 coding for 48 to 55 amino acids and exons 2, 4 and 5 coding for 20 to 30 amino acids. In both genes, the intron/exon boundaries do not disrupt amino acid codons. The noncoding region of exon 5 is larger for IL-10 (1047 nucleotides vs 541) but both genes contain several copies of a ATTTA motif in this region (eight copies for IL-TIF, and five copies for IL-10). Such sequences are frequently found in the 3Ј untranslated region of cytokine genes and have been shown to be involved in RNA stability and translation. 6, 7 The mapping of IL-TIF was performed in two ways: fluorescent in situ hybridization (FISH) using the 4.8 Kb genomic fragment as a probe, and PCR-screening of the GeneBridge 4 radiation panel. 8 Both methods indicated that the gene is located on chromosome 12q15 (data not shown). No other FISH signal was observed on other chromosomes. As indicated supra, analysis of the GenBank database showed that the last exon of IL-TIF is present on a BAC clone derived from chromosome 12q15. Based on this BAC sequence, the IL-TIF gene is located at about 90 Kb from the IFN␥ gene, and at less than 30 Kb from the AK155 gene. These three genes were in the same orientation, as schematically represented in Figure  1 . Southern blot analysis suggested that the IL-TIF gene is a single copy gene (data not shown).
Identification of two highly related IL-TIF genes in the mouse
To characterize the murine IL-TIF gene, we screened a BAC genomic library from the mouse 129 strain, using the IL-TIF cDNA as a probe. Two independent positive clones were digested with EcoRI and subcloned. For each clone, two EcoRI fragments of 8.5 and 21 Kb were found to hybridize with the IL-TIF cDNA. The larger fragment turned out to contain a complete copy of the IL-TIF gene, spreading over approximately 6 Kb, and including 5 introns and 6 exons, very similar to the structure of the human IL-TIF gene. All exons were well conserved between the human and mouse genes (from 74 to 86% nucleotide identity) and the promoter region showed 77% nucleotide identity over 0.8 Kb.
Sequencing of the second EcoRI fragment revealed the existence of a second copy of the gene, very similar to the first one except for a 658 nucleotide deletion, includGenes and Immunity ing the first non-coding exon and 603 nucleotides from the putative promoter. The nucleotide identity for exons 1b to 5 was respectively 99.5, 100, 97, 98.5 and 96%. The structure of the two genes, designated IL-TIF␣ and IL-TIF␤ is shown in Figure 2 . The introns are less conserved with 98, 100, 92% identity for introns 1b to 3, respectively, and only 82% for intron 4, which includes an insertion of 385 nucleotides in IL-TIF␤.
Promoter analysis
The original IL-TIF cDNA, isolated from IL-9-stimulated BW5147 lymphoma cells perfectly matches the sequence of the IL-TIF␣ gene, and we failed so far to find any evidence that IL-TIF␤ is expressed. To analyze whether the induction by IL-9 depends on the promoter fragment which is deleted in IL-TIF␤, a 641 nucleotide fragment from IL-TIF␣, including the putative TATA box and exon 1a, was cloned upstream the luciferase reporter gene and transfected into BW5147 cells. The cells were stimulated for 2 h with IL-9 or left unstimulated before measuring luciferase activity. As shown in Figure 3a , IL-9 stimulation induced a 15-fold increase in luciferase activity, indicating that this fragment is sufficient to drive IL-9-inducible expression in BW5147 lymphoma cells. A similar experiment was performed with a 732 nucleotide fragment from the human IL-TIF gene showing a six-fold induction by IL-9, indicating that the regulation of the murine IL-TIF␣ gene is at least partially conserved in its human counterpart (Figure 3b ). polymorphisms listed in Figure 5a , the only variation in amino acid sequence was found at position 84, where Ser becomes Asn in DBA/2 and BALB/c IL-TIF␣. The philogenic tree obtained by the UPGMA method from the cDNA sequence showed that the IL-TIF␣ sequence from the 129 strain is more closely related to other IL-TIF␣ sequences than to that of IL-TIF␤ (Figure 5c ).
Mapping of the mouse IL-TIF gene
To map the mouse IL-TIF gene, we took advantage of the polymorphism between DBA/2 and C57Bl/6 mice and we screened genomic DNA from BXD recombinant inbred(RI) strains from the Jackson Laboratories. A PCR amplification was perfomed from exon 1 to exon 2 and the post-PCR products were digested with RsaI, which cuts in exon 1 for DBA/2 mice but not for C57Bl/6 mice, allowing to define the origin of the gene (Figure 6 ). RFLP observed between C57Bl/6 and DBA/2 was scored as the strain distribution pattern (SDP) of BXD. The chromosomal mapping of mouse IL-TIF gene was determined by integrating the SDP into the BXD map using the map manager computer program, available on the web site of the Jackson Laboratories. The result indicated that IL-TIF gene was located on mouse chromosome 10, closely linked to the IFN␥ and the Mdm1 genes.
Discussion
In this paper, we report the genomic organization of the murine and human IL-TIF genes. As expected based on the homology between IL-10 and IL-TIF, the genes that encode these proteins share a similar size and organization except that the IL-TIF gene contains a short noncoding exon before the first coding exon. Although these cytokines have distinct activities, 1-3 their expression might be regulated by common mechanisms as suggested by the presence, downstream the stop codon, of several ATTTA motifs, which can regulate the stability and translation of the mRNA. 6, 7 In addition, IL-10 was recently shown to be inducible in a B cell line in response to STAT-3 activation, 9 whereas STAT-3 has been found to be responsible for IL-TIF induction by IL-9 in murine T lymphomas. 1 In this respect, our observation that the human IL-TIF promoter is inducible by IL-9 suggests that this particular regulation has been conserved in the human, although IL-9-responsive human lymphomas are lacking to directly address this question.
Interestingly, we found that the human IL-TIF gene is located in the vicinity of the IFN␥ gene, on chromosome 12q15, together with AK155, another IL-10-related cytokine gene. This suggests the presence of a cytokine cluster in this region of the genome, which has been associated with asthma 10, 11 and inflammatory bowel disease. 12, 13 In the mouse, the corresponding locus is involved in the persistence of Theiler's virus in the central nervous system but a role for the IFN␥ gene has been ruled out, 14 raising the possibility that IL-TIF could play a role in this model. The main biological activities of IL-TIF remain to be identified. Responsive cells, in which IL-TIF activates STAT transcription factors, include neuronal cells, kidney mesangial cells, hepatocytes, melanomas and intestinal epithelial cells. [1] [2] [3] Noticeably, cells of the immune system do not seem to respond to IL-TIF so far.
In the mouse system, the IL-TIF gene was also mapped in the same region as the IFN␥ gene, on chromosome 10. However, the distance between these genes could be larger than in the human system because none of five independent BAC clones hybridizing with the IL-TIF probe was found to contain the IFN␥ gene as well. In this respect, we also failed to find any evidence for the presence of a putative mouse homolog of the AK155 gene on these BAC clones, although, in the human, the AK155 gene is located at less than 30 Kb from the IL-TIF gene. Because the IL-TIF gene is duplicated at this locus in the 129 mouse background, from which these BAC clones were derived, it is possible that the distance between the IFN␥ and IL-TIF genes is shorter in other strains, such as BALB/c, where the IL-TIF gene is not duplicated.
The biological significance of the IL-TIF gene duplication is unclear. So far, we failed to detect any evidence for expression of the IL-TIF␤ gene. The deletion of the region corresponding to the IL-TIF␣ promoter, including the TATA box, suggests that the IL-TIF␤ gene might be not functional. However, the observation that the homology is higher for the exons than for the introns, and the fact that the deduced proteins are very similar, raise the hypothesis that the IL-TIF␤ gene could be expressed under particular conditions. Finally, comparison of the IL-TIF␣ coding sequence from five mouse strains revealed one single amino acid polymorphism Ser 84 -Asn. Interestingly, this Serine residue is conserved in the human IL-TIF sequence. Further studies will have to determine whether this polymorphism affects the activity or the stability of the protein and might be associated to any modification of inflammatory processes.
Materials and methods
Cell cultures and cytokines
Murine IL-9 (5 10 7 U/mg) was produced in the baculovirus system in our laboratory and purified as previously described. 15 BW5147, a murine lymphoma cell line (ATCC, Rockville, MD, USA) was cultured in IscoveDulbecco's medium supplemented with 10% FCS, 50 mol/L 2-mercaptoethanol, 0.55 mmol/L L-arginine, 0.24 mmol/L L-asparagine, and 1.25 mmol/L L-glutamine.
Isolation of mouse and human genomic IL-TIF sequences
A mouse genomic library (RPCI-21PAC: Roswell Park Cancer Institute, Buffalo, NY, USA), generated from 129 mouse spleen genomic DNA into the BamHI sites of the pPAC4 vector, was screened using the mouse IL-TIF cDNA.
1 Five positive clones were obtained. EcoRI fragments from one of these clones were subcloned into pZERO (Invitrogen), before screening with the IL-TIF cDNA. Two EcoRI fragments were isolated and sequenced with an automated fluorescence-based system (Applied Biosystems 310) using cycle sequencing with standard BigDye Deoxy Terminator chemistry (PerkinElmer, Faster city, CA, USA).
One hundred ng of genomic DNA from the human EBV-transformed cell line CESS were used to amplify the human IL-TIF gene with oligonucleotides derived from the cDNA sequence and which flanked the open reading frame: sense 5Ј-CCTTCCCCAGTCACCAGTTG-3Ј and antisense 5Ј-TAATTGTTATTTCTAGCAGG-3Ј. The PCR was performed for 33 cycles with an annealing temperature of 50°C, and using Thermus aquaticus Taq polymerase (Takara Shuzo Co, Shiga, Japan). The PCR products of 4.8 Kb obtained from independent amplifications were pooled and sequenced with specific primers and by using the same sequencing method as described above.
The 5Ј flanking region of IL-TIF was isolated with the LA-PCR (Long and Accurate PCR) in vitro cloning kit (Takara Shuzo Co) by using CESS genomic DNA as a template. 2.5 g of genomic DNA was digested by EcoRI (30 units) and ligated with an EcoRI cassette as described by the manufacturer. Twenty percent of the ligation was amplified by PCR for 30 cycles with an antisense primer designed from the 5Ј end sequence of the IL-TIF cDNA, 5Ј-ATATAGGGCTGCTGGAAGTTGG-3Ј, and a primer specific for the EcoRI cassette (primer C1). 1/100 of the first PCR product was then amplified for 25 cycles with internal primers: the antisense primer was specific to IL-TIF, 5Ј-CAGGGTCCCCATAAGGAAAGAG-3Ј, and the sense primer was specific to the EcoRI cassette (primer C2). The PCR product was cloned and sequenced with primer specific to the plasmid.
Southern blotting
Mouse genomic DNA was isolated from a piece of tail from different mouse strains, BALB/c, C57Bl/6, DBA/2, FVB and 129, as described. 16 Ten g DNA were digested by EcoRI and separated on a 0.8% agarose gel before transfer on Nylon membranes (Zeta-Probe, Biorad) and hybridization with 32 P-labeled IL-TIF cDNA as described. /condition) from 6-week-old BALB/c, C57Bl/6, DBA/2, FVB or 129 mice were stimulated for 24 h in medium supplemented with ConA (1 g/ml). Total RNA was isolated from activated spleen cells or directly from the thymus of the same animals by using the Trizol method as recommended by the manufacturer (Life Technologies, Gent, Belgium). Equal amounts of total RNA (10 g) were reverse transcribed and cDNA corresponding to 100 ng of total RNA was amplified by PCR with specific primers for IL-TIF␣: sense 5Ј-CTGCCTGCTTCTCATTGCCCT-3Ј (from position 124 of the cDNA) and antisense 5Ј-CAAGTCTACCTCTGG TCTCAT-3Ј (from position 784 of the cDNA sequence), as follows: 1 min at 94°C, 1 min at 57°C and 3 min at 72°C for 35 cycles, using Thermus aquaticus Taq polymerase (Takara Shuzo Co). The post PCR products were analyzed in ethidium bromide-stained 1% agarose gels, and were directly sequenced as described above. The fact that identical sequences were obtained from the thymus and spleen cells for each strain ruled out the possibility of artefactual polymorphism introduced by the Taq polymerase. The 5Ј end of the mRNA was isolated by using the 5ЈRACE kit (Life Technologies) according to the manufacturer's recommendations. Briefly, first strand cDNA was prepared by using a primer specific to the mIL-TIF sequence: 5Ј-CAAGTCTACCTCTGGTCTCAT-3Ј. The cDNA was tailed using terminal transferase and dCTP. cDNA was amplified for 35 cycles using an internal oligonucleotide specific for mIL-TIF 5Ј-GACGCAAGCATTTCTCAGAG-3Ј, and the 5Ј-RACE abridged anchor primer from the kit. A nested amplification was performed on 5 l of PCR product (diluted 1/100) using another mIL-TIF primer, 5Ј-GGCTGGCCTCCTTGGCCAGCA-3Ј and the abridged universal amplification primer from the 5Ј RACE kit. Amplification was performed for 30 cycles and with an annealing temperature of 56°C. The resulting PCR products were directly sequenced as described above. Sequences were aligned with the Geneworks software. The evolutionary relationships of the sequences was calculated with the UPGMA (unweighted Pair Group Method with Arithmetic Mean) tree, from Geneworks software. The human IL-TIF gene was mapped by two approaches: FISH and analysis of radiation hybrid clones. FISH was performed on metaphase and prometaphase chromosomes obtained after culturing PBMCs from normal male and female donors. Two hundred ng of digoxigenin-labeled hIL-TIF DNA genomic fragment (4.8 Kb PCR product) inserted in a pCR-XL-Topo plasmid was applied on each slide. Denaturation, hybridization and detection steps were performed according to standard procedures, as previously described. 18 Slides were viewed with a Leitz DMRB microscope (Leitz, Wetzlar, Germany) equipped with a cooled CCD camera (Photometrics, Tucson, AZ, USA) run by Vysis software (Stuttgart, Germany). Ten metaphases and two prometaphase spreads were evaluated. Chromosomes were identified by simultaneous G-banding analysis using DAPI counterstaining. Additional dual color hybridizations were performed using hIL-TIF in combination with biotin-labeled p␣12H8, a specific probe for the centromeric region of chromosome 12 (kindly provided by A Hagemeijer, KULeuven, Belgium).
Chromosomal mapping
Each DNA from the GeneBridge 4 Radiation hybrid panel (Research Genetics Inc, Huntsville, AL, USA) was PCR-amplified with IL-TIF-specifc primers: sense 5Ј-CCTTCCCCAGTCACCAGTTG-3Ј and antisense 5Ј-ATCAGATGGATTACTGAATG-3Ј. The PCR was performed for 30 cycles, and with an annealing temperature of 55°C. The post-PCR products were analyzed in ethidium bromide-stained 1% agarose gel. Results were submitted to analysis on the web site http://wwwgenome.wi.mit.edu/cgi-bin/contig/rhmapper.pl.
Promoter activity
A 641-nucleotide fragment of the mouse IL-TIF␣ promoter was amplifed by PCR from the IL-TIF-containing PAC clone using the following primers: 5Ј-AAAATA GAGCTCTAATTATTTTAAAAA-3Ј and 5Ј-GATCGCT CGAGTGTCAAAAGTTGATAACT-3Ј. Sixteen cycles were performed as follows: 1 min at 94°C, 1 min at 45°C and 3 min at 72°C. This fragment was subcloned into the luciferase reporter plasmid pGL3-basic (Promega) to generate the pGL3-mIL-TIF promoter construct. This con-struct was sequenced to check that the PCR amplification did not introduce any mutation. A 732-nucleotide fragment of the hIL-TIF promoter was subcloned into the luciferase reporter plasmid pGL3-basic (Promega) to generate the pGL3-hIL-TIF promoter construct. As an internal control, we used the pRL-TK vector (Promega) containing the renilla luciferase gene under the control of the TK promoter. Ten million BW5147 cells were coelectroporated with 40 g of each pGL3-IL-TIF promoter construct and 1 g pRL-TK (230 V, 74 ⍀, and 1500 farad). The pool of transfected cells was divided into two equal fractions, and one fraction was stimulated with IL-9 (100 U/ml) whereas the second fraction was left unstimulated. After 2 h, cells were pelleted and lyzed. Both luciferase activities were monitored with the Dual Luciferase Reporter Assay System kit (Promega) according to the manufacturer's instructions.
